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economic freedom across the U.S. Their findings document bi-directional causality between economic freedom and income inequality in both the short-and long-run.
Given the inconclusive results on the relationship between economic freedom and inequality, in the empirical analysis that follows we extend upon the literature by accounting for non-linear (i.e., threshold) effects, and investigate the relationship between economic freedom and inequality across components of the EFI and across regions. Our results demonstrate that the relationship between economic freedom and income inequality is non-linear.
Data

The data for this study include annual observations over 1980-2010 for an unbalanced panel of 58 countries which constitutes a representative cross-section of the regions covering Europe, Asia, the Americas (North and South) and the Pacific. The list of countries is provided in the appendix. The unbalanced panel is associated with a number of countries in which data availability prompted for using data over the 1991-2010 time span. These countries included in this particular sample were: Bulgaria, Croatia, Poland, Romania, Slovakia and Slovenia.
The variables include: the Gini coefficient (GI), proxying for inequality is the dependent variable. The Gini coefficient can vary anywhere from 0 (perfect income equality) to 1 (perfect income inequality). The primary independent variable of interest is the economic freedom Index (EFI). The EFI measures the degree of economic freedom in five main areas: (1) Size of Government; (2) Legal System and Security of Property Rights; (3) Sound Money; (4) Freedom to Trade Internationally; (5) Regulation. Within these five main areas there are 24 components. Each component is measured from 0 ("no economic freedom") to 10 ("full economic freedom"). Gwartney and Lawson (2002) argue that economic freedom declines when taxes, government expenditures, and regulations are substituted for personal preference, voluntary exchange, and market coordination. Accordingly, we examine the effects not only of the overall index, but also individual components of the index that are important for creating greater equality in income, on income distribution. These components include: the size of government (SIZE), proxied by the sum of general government consumption expenditures as percentage of GDP + total transfers and subsidies as percentage of GDP + social security payments as percentage of GDP, total tax revenues as percentage of GDP (TAX), and labour market freedom (LAB), proxied by the sum of the minimum wage legislation index + union density.
Other control variables used are based upon the previous literature. We include Per capita income (CAPY) to capture the level of development of a country (Carter 2006) , the Unemployment rate (U), and the share of population over the age 65 (POP65) to capture welfare expenditures of the government (Carter, 2006) , and the college attainment rates (COL) to measure literacy (Ashby and Sobel, 2008) .
While some data for variables go back to 1970, a complete panel with no missing values is currently available for all countries for only the years 1980-2010. Therefore our study covers this time period. The economic freedom data are from the Fraser Institute's Economic Freedom of the World (Free the World.com site) index compiled by Gwartney et al. (2006) . The rest of the data series are from Datastream.
UnIt Root tests
We begin the analysis by examining the presence of cross-sectional dependence. Panel unit root tests of the first-generation can lead to spurious results (because of size distortions) if significant degrees of positive residual cross-section dependence exist and are yet ignored. Consequently, the implementation of second-generation panel unit root tests is desirable only when it has been established that the panel is subject to a significant degree of residual cross-section dependence. In cases in which cross-section dependence is not sufficiently high, a loss of power might result if second-generation panel unit root tests that allow for cross-section dependence are employed. Therefore, before selecting the appropriate panel unit root test, it is crucial to provide some evidence on the degree of residual crosssection dependence.
The cross-sectional dependence (CD) statistic by Pesaran (2004) is based on a simple average of all pair-wise correlation coefficients of the OLS residuals obtained from standard augmented Dickey-Fuller (1979) regressions for each variable in the panel. Under the null hypothesis of cross-sectional independence, the CD test statistic follows asymptotically a two-tailed standard normal distribution. The results reported in table 1 uniformly reject the null hypothesis of cross-section independence, providing evidence of cross-sectional dependence in the data. The statistical significance of the CD statistics signifies the presence of cross dependence, irrespectively of the number of lags (i.e., from 1 to 4) included in the ADF regressions. 
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Two second-generation panel unit root tests are employed to determine the degree of integration in the respective variables. The Pesaran (2007) panel unit root test does not require the estimation of factor loading to eliminate cross-sectional dependence. Specifically, the usual ADF regression is augmented to include the lagged cross-sectional mean and its first difference to capture the cross-sectional dependence that arises through a single-factor model. The null hypothesis of the Pesaran (2007) test implies the presence of a unit root across all variables under investigation. The bootstrap panel unit root tests by Smith et al. (2004) utilize a sieve sampling scheme to account for both the time series and cross-sectional dependence in the data through bootstrap blocks. All four tests by Smith et al. (2004) are constructed with a unit root under the null hypothesis and heterogeneous autoregressive roots under the alternative hypothesis. The results of these panel unit root tests are reported in table 2 and support of the presence of a unit root in all variables under consideration. 
where i = 1, ..., N for each state in the panel and t = 1, ..., T refers to the time period.
The parameters α i and δ i allow for the possibility of country-specific fixed effects and deterministic trends, respectively. In light of the specification of equation (1), we proceed with testing the null hypothesis of no cointegration, ρ i = 1, based on a unit root test of the residuals:
where the estimated residuals, ε it , represent deviations from the long-run equilibrium relationship. Following Pedroni (1999 Pedroni ( , 2004 
eMPIRIcal ResUlts
lonG-RUn Panel PaRaMeteR estIMates
With the presence of cointegration we employ the fully modified OLS (FMOLS) technique for heterogeneous cointegrated panels (Pedroni, 2000) to arrive at the long-run parameter estimates. 1 Panel B of table 3 displays the long-run parameter estimates of equation (1) based on FMOLS. The Economic Freedom Index yields a statistically significant negative coefficient with respect to the Inequality Index (i.e., Gini). Both per capita income and the share of population over 65 render a statistically significant positive impact on income inequality, while both the unemployment rate and the college attainment rate exert a statistically significant negative impact on income inequality.
The results show that a one unit increase in the Economic Freedom Index decreases income inequality by about 0.128. These findings are consistent with other studies in the relevant literature (Berggren, 1999; Scully, 2002; Ashby and Sobel, 2008) . By contrast, our findings are not consistent with those provided by Carter (2006) , which could be significantly attributed to the differentiation in methodologies used across the two studies. Furthermore, the positive estimates, associated with per capita income and the share of population over 65, support the notion that both variables contribute to higher income inequality. The positive association between income inequality and income per capita suggest a trade-off between higher income per capita and greater income equality. A positive relationship between income and inequality are supported in the studies of Voitchovsky (2005) , Forbes (2000) , Li and Zhou (1998) , Barro (1998) , while Deininger and Squire (1996) do not find a strong relationship between growth and changes in aggregate inequality. Voitchovsky (2005) suggests that redistributive policies in industrial nations such as progressive taxation and social welfare payments could foster growth through its effect on lower segments of the distribution, and yet also dampen growth through their effects on the top end of the distribution. Forbes (2000) similarly, suggests that a larger share of government spending on basic needs such as health and education, which are positively associated with growth, tend to be negatively correlated with inequality, leading to a positive relation between income inequality and growth. A similar argument is put forward by Li and economic freedom and income inequality:
further evidence from 58 countries in the long-run financial theory and practice 39 (4) 349-370 (2015) Zhou (1998) who find that greater income inequality could lead to higher economic growth if government consumption enters the utility function.
The results indicate negative coefficients on both the unemployment rate and college attainment which are consistent with the notion that a better educated population leads to lower income inequality, while higher unemployment rates also yield higher probabilities of a more income unequal economy. In terms of the income inequality-unemployment nexus, the results indicate a trade-off between income inequality and unemployment, which is consistent with the presence of a trade-off between higher per capita income and greater income equality. Browning and Johnson (1984) argue that redistributive policies are not costless. The disposable incomes of lower income groups are increased, by reducing the disposable income of higher income groups. As taxes are levied on labour income, this has negative implications for labour supply. There is also a view in the literature that increases in unemployment and wage inequality are "alternative" results of changes in the structure of the demand for labour which could imply a trade-off between income inequality and increasing unemployment. Panel B in table 3 also provides robust evidence in terms of Dynamic OLS (DOLS) estimates recommended by Saikkonen (1992) and Kao and Chiang (2000) . These additional findings confirm those reached earlier.
RobUstness tests: acRoss tHe coMPonents of tHe efI InDeX
While table 3 presents the long-run parameter estimates for the entire panel of states, we present the long-run parameter estimates across the components of the EFI index defined in the data section, i.e. size, taxation and labour structure. The new results are reported in table 4. 
is acknowledged across the EFI components, Panel B reports the longrun estimations. The empirical findings highlight the negative association between income inequality measures and the three metrics of the EFI index, while the remaining model coefficients retain their expected sign. Comparing the estimates in Panel B, we find substantial variation in the magnitude of the estimated coefficients. In particular, the highest (negative) impact on income inequality comes from the SIZE component, e.g. 0.174 vs 0.116 and 0.086 for the TAX and the LABOR freedom components, respectively. In other words, reducing the intervention of the public-government sector in the economy will act as an incentive for economic forces to boost economic activity and, thus to reduce stronger income inequality, relatively to lower taxation and deregulation of the labour market. Finally, all three estimated equations satisfy a number of diagnostic criteria, giving our estimates a higher validity. These results raise questions regarding the effectiveness of activities supporting higher economic freedom to reduce income inequality.
RobUstness tests: acRoss ReGIons
We repeat the above analysis across regions and the new results are reported in table 5. These regional results indicate (once again) the presence of a long-run association between income inequality and both the overall and the disaggregated components of the EFI index (Panel A). Panel B reports the long-run regional estimations. The new empirical findings highlight the negative association between income inequality measures and the three metrics of the EFI index, while the remaining model coefficients still retain their expected sign. Comparing the estimates in Panel B, we find substantial variation in the magnitude of the estimated coefficients across regions. In particular, the highest (negative) impact on income inequality comes from the European area, e.g. 0.273 vs 0.225, 0.109 and 0.169 for America, Asia and Pacific, respectively. This is possibly due to the very high tax rates in Europe, and then in the American region, which are used to finance government consumption. Therefore reducing the size of the public-government sector in the European economies will provide more solid support to economic forces to boost economic activity and, thus, to reduce income inequality in a stronger manner. Once again, all four regional estimated equations satisfy a number of diagnostics.
a non-lIneaR aPPRoacH
There is a particular strand in the literature that supports the way an economic freedom index changes over time, i.e. it takes time for economic freedom reforms to affect the course of income inequality (Berggren, . According to this literature, the employment of a linear methodological framework like the one used above tends not to capture the exact form of the relationship under scrutiny. At the same time, the economies included in our sample are at different stages of development, while they run different economic institutions and policies through which they affect not only the course of the real economy, but also distribution policies and, therefore, the income inequality pattern. According to Kuznets (1955) , as economies grow, inequality rises until a critical level of income is reached. In this case, inequality begins to decline. In other words, initially the benefits coming from the growth process are creamed off by the upper part of the income distribution, while beyond a threshold growth point these benefits reach the lower part of the same distribution.
In terms of our analysis, initial levels of economic freedom benefit the upper level participants of the income distribution. The primary explanation lies in the fact that nicholas apergis: economic freedom and income inequality:
further evidence from 58 countries in the long-run financial theory and practice 39 (4) 349-370 (2015) in the early stages of expansion, investments are undertaken extensively by those who possess the physical and human capital resources that allow the economy to grow in terms of entrepreneurship and higher trade transactions, thus leading to higher income inequality. As economic freedom keeps rising and growth continues, new economic opportunities are disseminated among all who could not be part of the growth process. Eventually, the low-level participants in economic distribution are also capable of reaping the benefits of economic growth and, thus, income inequality starts to decline. According to Barro (2000) , the link between economic growth and income inequality is based on the assumption that the "distribution of political power is more egalitarian than the distribution of economic power", indicating the inability of policies fighting income inequality to induce improvements in equality, for reasons probably related to rent-seeking and corruption. Moreover, growth can lead to increased inequality due to the presence of mechanisms that affect the revenues used to finance redistribution policies. In particular, such revenues are raised through distortionary taxation that provides a disincentive to work. If the power of such disincentives is high, then particular groups in the population, especially those who are near the eligibility level for transfer programs, may become dependent on the government for transfers, which leads to stagnation in incomes. By contrast, those who remain in the labour market continue to acquire higher levels of human capital and thus they can experience income gains; as a result, an increase in income inequality is observed (Cox and Alm, 1995) . Finally, Vedder et al. (1988) argue that growth could not reduce inequality due to the presence of the crowding out of private sector charity and the capitalization of public transfer payments (Gruber and Hungerman, 2007; Tullock, 1986 ). , which authorizes a smooth transition, for a number of thresholds, as well as for a continuum of regimes. This approach presents two main advantages: first of all, a PSTR specification allows the income inequality-economic freedom coefficient to vary not only across countries, but also over time. Secondly, this approach allows for a smooth change in country-specific correlation depending upon the threshold variables. This methodological approach allows our study to analyze the role of income in determining income inequality-economic freedom non-linearity by dividing the data depending upon their per capita GDP.
Let us assume the simplest case of a PSTR with two extreme regimes and a single transition function to illustrate the income inequality-economic freedom relationship;
where z it is a k-dimensional vector of control variables defined above, α i represents the individual fixed effects, and ε it is the error term. The transition function is continuous and depends on the threshold variable q it ; c is a vector of location parameters. Finally, the parameter γ determines the slope of the transition function. 
The test of linearity in the PSTR model can be done by testing H 0 : γ = 0 or H 0 : β 1 = 0. But under the null hypothesis, the test will be non-standard in both cases, and the PSTR model contains unidentified nuisance parameters. A possible solution is to replace the transition function Γ(q it ; γ,c) by its first-order Taylor expression around γ = 0 and to test an equivalent hypothesis in an auxiliary regression. We then obtain:
Since Before proceeding with the non-linear estimates, we check the linearity vs the nonlinearity case. The results of the specification tests are presented in table 6. The table shows the p-value of both the Lagrange multiplier and the Likelihood-ratio test for the null hypothesis of linearity against the alternative of the PSTR specification. The findings highlight that the null hypothesis of linearity is rejected at the 1% significance level. The results imply that there exists a non-linear relationship between the Economic Freedom Index and income inequality in our country sample. Table 7 presents the empirical findings of the income inequality-economic freedom relationship, actualized by the PSTR model. As PSTR starts with defining the degree of non-linearity and the number of thresholds (no remaining heterogeneity), our preliminary findings guide us in our selection of the number of transition functions. In our case, the residual sum of squares and the criteria of information lead us to choose one threshold level and one transition function. Our specification is based on the linear model estimation reported above, showing the overall effect of the Economic Freedom Index on income inequality. This linear model is used as benchmark for any other specifications and allows us to show the effect of economic freedom, in addition to its effects that appear after thresholds captured by the non-linear model. The economic freedom threshold appears at 6.67. Nevertheless, the EFI effect below this level is positive and statistically significant and above this level it is negative and statistically significant. Indeed, under the regime of higher economic freedom (>6.67), other things being equal, an increase of 1 unit in economic freedom reduces income inequality by 0.184, whereas in the first regime (<6.67) the effect of the index is positive and statistically significant. These empirical findings suggest that countries with an economic freedom index below this level tend to experience higher inequality when the index indicates stronger economic freedom, whereas countries with an economic freedom index above this level tend to experience reductions in inequality when the index displays higher levels of economic freedom. Finally, the statistical significance of the LM F statistic rejects the null hypothesis that the coefficient of the slope coefficient is zero. Similar results are also obtained in terms of the components of the EFI index, with the stronger results coming from the SIZE component.
In terms of the components of the EFI index, all three dimensions of that index support the presence of homogeneous results. With respect to the SIZE, TAX and LAB component, the thresholds appear at 6.22, 4.86 and 4.14, respectively. The EFI-SIZE, EFI-TAX and EFI-LAB effects below these levels are positive and statistically significant and above this level they are negative and statistically significant. In both regimes the strongest effect appears in the EFI-SIZE case, indicating that reducing the degree of government intervention below the corresponding threshold level tends to display higher inequality when the index is on the rise, whereas with the component of the index above this level tends to display reductions in inequality for extra degrees in government intervention declines. The statistical significance of the LM F statistic in all three cases leads to the rejection of the linear "income inequality-economic freedom" relationship. Finally, the results remain robust across the geographical regions, with the testing procedure to substantially recommend the non-linear approach. The thresholds turn out to be 5.32, 7.74, 4.36 and 5.08, for the case of Europe, America, Asia and Pacific country samples, respectively.
PolIcY IMPlIcatIons anD conclUsIons
This study used panel-country data to study the dynamic relationship between economic freedom and income inequality. While the literature has devoted considerable attention to studying the above nexus, the results provided having been inconclusive, the dynamic aspects have been studied primarily through a linear framework.
Unlike previous researchers, we employed both a linear and a non-linear panel cointegration model to identify the long-run equilibrium relationship between economic freedom and income inequality for the entire panel of countries and at the components of economic freedom index level. The linear long-run parameter estimates for the entire panel of countries showed that the association under study was negative, while the non-linear long-run parameter estimates indicated that above a threshold point the association between economic freedom and income inequality retained its negative sign, while below this threshold point the association turned out to be positive. In other words, the empirical findings, in terms of the non-linear long-run model, displayed that beginning from a low level of economic freedom, a higher level of this index generated more inequality as the participants in the upper part of the income distribution benefit relatively more than the lower-level participants. As increases of the index continue, then the lowerlevel participants tend to experience larger relative income gains, while these findings were robust to the components of the Economic Freedom Index as well.
With regard to the policy implications of our findings, the results suggest that once the threshold is overtaken, economic freedom should promote greater equality in income distribution. The movement from the low phase of economic freedom to the high phase will not occur automatically. Reducing the size of government and increased human capital accumulation will permit progression to the next phase. The results additionally suggest that countries face a trade-off between higher per capita income and income equality, and unemployment and income inequality. The nature and extent of the perceived "trade-off" between unemployment and inequality are also subject to policy interventions. The results demonstrate the risks of the initial phase of economic freedom where an increase in inequality requires a pro-active stance by policy makers to take freedom to the next phase. The distributional impact of any exogenous shock is not predetermined. Even if a shock primarily or disproportionately affected particular income-earners, some of these costs can be redistributed (through fiscal and other measures) in such a way as to mitigate the net impact on inequality. 
